Adding a cusp magnetic field to the EQ-10 Z-pinch metrology source
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ABSTRACT Standard Z-pinch has electrodes — Magnetic pressure profiles Magnetic field allows more efficient operation at low
In the EQ10 Electrode-less Z-pinch metrology source[l] , the plasma length is

controlled (in part) by bore geometry, which is subject to rigorous mechanical Forces plasma to have a specific maximum length — Py Magretic pressure vs 2 oo presﬂ§_ure

constraints. If the plasma length were reduced without reducing the total source ’ - I 3 ] ]
power, the source usable brightness would increase. To do this we have introduced a can’t be Ionger than distance between electrodes, Three magnets in 6 - Jo ' B " EUV diode

cusp magnetic field into the Z-pinch region. The obijective is to add an additional (non- ositions produces ~ ] - / ; mf
plasma) source of axially-dependent pressure, which can be tailored to inhibit the because current flows Only there P P ] T

Eadial coIIaplse; except In ttlwe (I:denter of the bo(;e. While tEeh inccl))rporatioréI OC]‘ 10X neutral gas _
approximately) uniform axial field in an EUV-producing Z-pinch has been studie .. . i e i _ i
previously[2], o our knowledge this is the first attempt to Use a cusp field for this A small (short) EUV emission region simplifies optics pressure at +/-8 mm "=
purpose. A preliminary design based on a hexapole cusp was executed. We wi . . :

present the theoretical basis for this concept as well as some results, and anticipate design, saves wasted light/power...
useful discussion to elucidate the physics behind the (unexpected) behavior of the

device. Should be plenty of field to
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Energetiq EQ-10 — a family of EUV sources...

. Brightness data shows weaker effect
Our approach.. N First attempt... 3 x 6 magnets
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Once pinch occurs locally, plasma inductance increases - —Start with two co0 | oiae an:‘en; :;Zr’g; I(;;tt;:rgtht::szz.r.c; g‘:’t‘:vr: y
locally; entire loop voltage drops across pinch. Full length silicon magnets, not 9
Plasma length ~ bore length. carbide insert three ? ' ' ' '
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Challenge: Make the z-pinched plasma
shorter than the bore.
Power Modulat . . N # - Conclusions
""" o D T U O An axial magnetic field B should inhibit the ___SW & ~ The cusp field was supposed {6 shorten the plasma.
‘ Step-up Transformer %. i pinch - adds magnetic pressure. The collapsing pinch must Lo V?Ies Q‘f iy olevalve | No effect was seen
! __Magne“csmhéi inductance) | compress the B-field as well as the plasma. $, \ ] S L Powlc\-:-/lr,_brlgf?tntess data agrr](_af(tatonle magnet is better tha;_n zero'ort two
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m—— —— —— How much B field? Three estimates: Electric field E - Curl E ~ dB/dt in induction core
transmission line unmatched load The uncompressed gas pressure:
} . . P~13Pa>B~60G . Magnetic field B — Curl B ~ J; J looks like a surface current on the
Operatlng p”nC|p|e-- e same core, since core homogenizes fields due to magnets
Source is (electrically) The compressed plasma pressure X
two copper plates Ej gi P~ 4'9?[086‘(;3 >B~3T corgpressed ) Geometry of B,E fields should be very similar.
joined by conductive A uncompresse | -
tube... The plasma self-field — B ~ 5T compressed; 13.5 nm mirror rotates between camera, diode Could provide very efficient electron confinement,

~100-200 G uncompressed leading to higher electrical efficiency pinch.
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to capacitor bank; Main results — unexpected shift in operating point.
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